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ABSTRACT

The effect of both mild and severe ucute alkalosis, due to intravenous sodium
bicarbonate infusion, on glomerular filtration rate, renal plasma flow, and sodium and
potassium clearance was investigated on 12 anesthetized dogs. The maximum load used
was over 50 gm. of NaHCO, administered intravenously in 4 hours, at a rate of
2.5 mEq.;minute. On a weight basis, in a 70 kg. man, this would be equivalent to a
load of 195 gm. of NaHCO, given at the rate of nearly 10 mEq.'minute. The plasma
potassium fell from 3.8 to 2.7 mEq./liter, and the plasma sodium increased from
144.4 to 170.8 mEq./liter with maximum NaHCO, loading. There was no apparent
acute detrimental renal effect. No depression of glomerular filtration rate nor of
renal plasma flow was seen in any series although the pH increased from 7.32 to 7.61.
Similarly no significant effect was seen on blood pressure, hematocrit, filtration
fraction, heart rate, or rectal temperature in any series. Urine flow and urine pH
increased significantly with higher loading rates and concentrations.

This technical documentary report has been reviewed and is approved.

OBERT B. PAYNE
Colonel, USAF, MSC
Chief, Operations Division



EFFECT OF MASSIVE SODIUM BICARBONATE INFUSION ON RENAL FUNCTION

1. INTRODUCTION

In a previous study it was shown that
glomerular filtration rate and renal blood flow
are not altered by an increase in arterial pH
due to hyperventilation (1). It has been
claimed, however, that prolonged administra-
tion of sodium bicarbonate causes reduction
in various parameters of renal function (2-7).
Whether acute alkalosiz due to sodium bicar-
bonate loading would lead to a similar finding
wis not clear. Maegraith et al. (8) found some
evidence of rveduction of function in a group
of three patients given alkali for one to three
davs, while Van Goidsenhoven et al. (9) did
not find any reduction in function during a
period of three weeks of oral loading in man,
Other studies are similarly  contradictory
(10-14). The purpose of this study was to
investigate the effect of both mild and severe
acute alkalosisx, due to intravenous sodium
bicarbonate loading, on glomerular filtration,
renal plasma flow, and sodium and potassium
clearance,

2. METHODS

Twelve dogs were used in this study. The
animals were anesthetized with 30 mg. kg. of
sodium pentobarbital, and tracheal intubation
was performed at the outset. Stainless steel
cannulae were implanted in the right femoral
artery and vein. The arterial cannula zerved
as a source for blood samples, while the venous
cannula was used to give the prime dose of
compounds introduced to measure renal func-
tion, the sustaining =olution, and additional
anesthetic as required.  The ureters were can-
nulated with polvethylene tubing (PE 160)
through an abdominal ineision close to the blad-
der, to allow timed, quantitative, anaerobic
urine collections under paraffin oil.  An addi-

tional femoral artery was routinely cannulated
to allow measurement of mean arterial blood
pressure with 4 mercury manometer,

Creatinine clearance was used as a measure
of glomerular filtration rate (GFR), and para-
aminohippuric acid (PAH) clearance, at low
plasma concentration, was used as a measure
of renal plasma flow (RPF). Creatinine was
determined by the method of Bonsnes and
Taussky (15), and PAH was determined by the
method of Bratton and Marshall (16) as modi-
fied by Smith et al. (17). Forty-five minutes
before the experiment began, a priming dose
of 0.1 gm. PAH und 0.5 gm. creatinine in 23 cc.
of saline was given followed by a continuous
infusion of a solution containing PAH, crea-
tinine, and the test solute (NaCl during the
pre-vontrol and control periods and NaCl or
NaHCO; during the remainder of the experi-
ment). The concentrations and infusion rates
varied in the different groups and will be out-
lined in detail below. After 45 minutes of
equilibration, two control periods of 15 minutes
each were conducted. Arterial blood samples
were taken at the midpoint of each period for
clearance determinations. After the control
periods, NaHCO, was added to the experimental
infusate, and =serial and continual 30-minute
clearance periods were conducted for the re-
mainder of the experiment. The level of
alkalosizs was ascertained by measurement of
anaerobic pH at both the midpoint and end of
each clearance period with a Beckman model G
pH meter and Beckman model 290-31 anaerobic
blood electrode assembly immersed in a con-
stant temperature bath set at 33" C. The pH
of anaerobically collected urine samples was
measured with the same setup. The total solids
in plasma were measured with an A.Q. Spencer
hand refractometer (T.8. meter). Phisma and
urine total CO, were measured by standard
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volumetric Van Slyke technic. Plasma and
urine bicarbonate were calculated from the
Henderson-Hasselbalch equation.  Corrections
were made as suggested by Severinghaus et al.
(18, 19, 20).

Three series of experiments were conducted,
testing the effect of low (series 1), medium
(series 2), and high (series 3) bicarbonate
Joads on renal function. In series 1 the ex-
perimental animals were given a J15-minute
pre-control and a 30-minute control infusion
of 1.5« creatinine plus 027 PAH in 0.9
Na(Cl at 2.0 ml. minute. After control, the in-
fusion rate and creatinine and PAH concentra-
tion were maintained, but a 1.3, NaHCO,
solution was substituted for the 0.9« NaCl for

90 minutes of infusion. Thereafter 2.6%
NaH(CO, was substituted for the 1.3% NaHCO,
for 150 additional minutes of infusion. Series 2
was similar to series 1 except that the infusion
rate  was approximately 4.0 ml. /minute
throughout, and the creatinine and PAH con-
centrations were reduced to 0.75¢ and 0.1%,
respectively. In series 3, the pre-control and
the control infusion were similar to that given
in series 2, but after control 5.2 NaHCO,;
was substituted for the 0.9/ NaCl. This in-
fusate was given for 240 minutes. Each series
had a control experiment, in which NaCl was
given throughout at an infusion rate similar to
the experimental series of concern. In the
control experiment for series 3, both the rate
of infusion and the osmotic concentration of
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FIGURE 1

Plasma  H.

Na avd K concentration (mEq. liter):

wrine pH; nwrine flow

fml. manate g wyine Na and K coneentration (mEq. liter); rectal temperature

(°C.): bload pressiore (wmm. Hy) :
GFR.

hematoerit; venal plazma flow,
for 1 dog (14) given 047,
B-mimiete control, and 2y0-minite teat

and K elcavanee (ml, minpite)

Na clearunee,
NaCl at

20wl mnnte for S5-mivate pre-control,
perviod.  Avorage of 3 dogs (118) handled as deseribed aborve during pre-control
periods, bt goren 1400 NaHCO at 20wl wonnte for g0 nunites, and then 2.6
NaHCO, at 20 wml. minnte for 130 additroval minates dering the test period.
Dog woght in 1A was 221 kg.; average dog weight in 1B was 18.9 kg,



the NaCl solution were the same as for the
NaHCO, solution used in the experimental dogs.
Each of the three series had 3 experimental
dogs and 1 control dog.

3. RESULTS

No depression of glomerular filtration or
renal plasma flow was seen in any of the series
although the arterial pH was elevated by bicar-
bonate loading from 7.33 to 7.47 in series 1
(fig. 1B), 7.31 to 7.57 in series 2 (fig. 2B),
and 7.32 to 7.61 in series 3 (fig. 3B). Similarly
no significant effect was seen on blood pres-
sure, hematocrit, filtration fraction, heart rate,
or rectal temperature in any series. A decrease
in renal resistance did occur (table I). Owing
to the large control variation and small sample,

the fall in resistance was not statistically
significant from control, but the renal resist-
ances found during the last 90 minutes of in-
fusion were significantly lower than the value
pbtained after 30 minutes of infusion. As
expected, urine flow did increase significantly
with higher loading rates and concentrations.
Urine pH, in the series measured (series 2 and
3), reflected the excretion of bicarbonate. That
the elevated urinary pH was not due to the
diuresis per se was evident from the maintained
acid urine pll in the control animals (figs. 1A-
3A).

The metabolic alkalosis did significantly
depress plasma K, 3.5 to 3.3 in series 1, 3.9 to
2.8 in series 2, and 3.8 to 2.7 in series 3
(figs. 1B-3B). No acute evidence of any det-
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FIGURE 2

See legend for figure 1.

4.0 ml. minute for L5-minute

Values are shown for 1 dog (24) givren 0.9 NaCl at
pre-control, 30-minute control, and 2i0-minnte

test period. Average of 3 doga (2B) handled as described above during pre-

control and control periods, but given 1.3

NaHCO, at 1.0 ml.minnte for

90 minutes, and then 2.6c NaHCO, at 5.0 ml. minnte for 150 additional minuntes

during the test period.
in B was 16.1 kg.

Dog weight in 2A was 22.2 kg.; average dog 1weight



rimental remil effect of the latter levels of
hypokalemin wis seen, Though plasma K fell
over 2H' . in series 2 and 3, the K excretion
could only be accounted for by a depletion of
intracellular stores, for the excreted K was
greater than twice the original extracellular K
content., The fall in plasma K was a resultant
of the alkalosis as demonstrated by the failure
of infusion of NaCl in the control runs
(figs. 1A-3A) to cause any comparable decrease
in plasma K. Becauqe of hyperosmotic solute
loading in series 2 and 3, there was in addition,
some physical dilution of K concentration due
to expansion of the extracellular space.

In series 3 (table I; fig. 3B), elevation of
plasma sodium to levels over 170 mkEq. liter
demonstrated that greatly increased extracel-
lular Na concentration does not acutely depress

renal function. Hypernatremia of this magni-
tude did not depress any of the physiologic
parameters measured. In spite of the high
urine flows in this series, sodium urine-plasma
(U P) ratios in excess of 1.5 were obtained.
The ability of the kidney to concentrate Na
above plasma levels during severe alkalosis is
thus demonstrated. Although Na clearance of
11 ml minute was achieved in series 3
(table 1), the actual output of Na, even in the
last period, did not quite equal input by infu-
sion. This inequality formed the major basis
for increase in plasma Na concentration. Some
loss of weight due to dehydration caused by the
solute diuresis was found in the experimental
group in series 3. The average loss of 0.8/
body weight at the conclusion of the experi-
ment played no role in the progressive increase
in plasma Na concentration found.
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See legend for figire 1.
50 ml. minmiete for the |
2.6 NaCl at L0 ml. minute for the

Values are shown for 1 dog (34) given 0.9 NaCl at
S-minute pro-control and 30-minute control period and
2it-minute test period,

Arerage of 3 doga
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5.2 NaHCO, at an arverage infusion rate of 3.5 ml. minite duving the 250-

minnte test period.
was 17.9 kg,

Dog weight in 3

A war 24 kg.; average dog waght in 3B



Ricarbonate loading, in addition to causing
an increase in plasma and urine pH, also caused
a marked increase in both plasma and urine
bicarbonate concentration (table II). The
bicarbonate U P ratio rose, from a low ap-
proximately 0.005 during control, to the range
of 9 decreasing to 4 during the infusion. Dur-
ing the last 3 hours, bicarbonate excretion
averaged greater than 1.6 mEq. minute, while
bicarbonate clearance approximated 40 ml.’
minute. A maximal reabsorption of 2.7 mEq.’
minute was found. While the pattern of
reabsorption showed an increase correlated
with the increase in plasma concentration, an
even better correlation was obtained with the
alteration in glomerular filtration rate. In
terms of bicarbonate reabsorbed per 100 ml. of
glomerular filtrate, reabsorption increased
from 2.12 mEq. minute during control to
265 mEq. minute at the end of 4 hours of
infusion. The highly alkaline pH therefore did
not depress tubular reabsorptive capacity for
bicarbonate.

4. DISCUSSION

No evidence of depression in the various
parameters of renal function measured were
apparent with acute alteration of arterial pH
by NaHCO. loading. In a previous study
similar results were obtained when arterial pH
was elevated by hyperventilation (1). Other
than the alteration in electrolyte balance, no
untoward acute effects could be demonstrated.

The reports in the literature in regard to
the toxicity of chronic administration of
NaHCO, (2-8) deserve to be re-examined
critically. Such evaluations in many instances
lead to the conclusion that the reported renal
depression with NaHCO,; administration was
not shown to be a cause-and-effect relationship.
Many cases involved dehydration and electro-
Ivte disturbances due to prolonged vomiting or
diarrhea, or both—not caused by the alkali
administration. In some unusual cases, dehy-
dration may have been caused by NaHCO, ad-

TABLE 11

Effect of bicarbonate loading on plasma and urine aeid-base balance

Control Y Bicarbonate loading
Time (min.)

15 30 0 150 210 270

Plasma
pH 734 T34 | TA3 763 165 7.69
Total CO, (mEq. liter) Wy w3 ! 256 372 438 446
HCO, (mEq. liter) 21 215 ! 245 362 426 435
GFR ¢ml. min.) 1.1 594 | 900 1102 1034 918
HCO, clearance (ml. min.) 0 0 : 219 442 39.4 35.7

Urine
pH 626 626 | 810 so02  Ro0 8.02
Total CO, (mEq. liter) 01 <01 [2281 1984 1984 1RB
HCO; (mEq./liter) Ol O 2259 1960 1961 1764
Urine flow (ml., min.) 018 o 239 81T R3T 0 RA3
HCO; excreted (mEg. min.) 0 [\ 0.54 1.60 1.68 1.56
HCO, 1eabsorbed (mEq. min.) 1LO8 128 | 168 239 273 244

HCO, reabsorbed (mEq. min.,

100 ml. GFR) 212 217 | 187 217 265 2.6

Results of one experiment from series B (table 11,

at 4 0 ml. min. until end of experiment

After control period, dog was given 52; NaHCO,
o weighel 1405 ke

-3



ministration but only due to the magnitude of
administration. In these cases, NaCl of equal
osmotic value might well have had the same
end result.

The possible effects of massive NaHCO,
administration must be considered. Most im-
portant are the effects of depression of plasma
K concentration and the tendency to produce
tetany at elevated pH. Obviously, when ex-
treme, these alterations may in themselves lead
to serious consequences. On the basis of this
study as well as others (9-14, 21) it would
seem to be difficult to reach critical levels with
acute administration alone.

The finding of a decrease in renal resistance
concomitant with the elevation of plasma pH
due to NaHCO, loading is in agreement with
the results of Franglen et al. (14). Dowds et al.
(22), however, found little change in renal
vascular resistance with changes in pH caused
by hypercapnia and hyperventilation, while
Emanuel et al. (23) reported a significant in-
crease in renal resistance when the plasma pH
was elevated by hyperventilation. The basis
of the conflicting results may reside in dif-
ferences in infusion composition and rate of
administration, in surgical procedures em-
ployed. as well ax in the methodology of produc-
ing the alteration in pH.

The effect of decrease in plasma K con-
centration and intracellular K content on
glomerular filtration rate is similarly disputed.
Blake (24) has reported that loss of intracel-
lular K has a depressing effect on creatinine
clearance but no causal relationship was estab-
lished. In opposition to Blake, Ruberts et al.
(21) have shown that reduction of plasma K
concentration from 4.00 to 2,50, with NaHCO,
infusion, does not depress the glomerular filtra-
tion rate. Also in opposition to Blake are the
results of this investigation, as well as Fran-
glen’s (14), in which the alterations in
creatinine clearance and intracellular K content
were strikingly divergent. The increase in
creatinine clearance found in the latter two
studies was due presumably to some effect of

the solute loading (25). It is important to note
that such an increase in GFR occurred despite
the major decrease in plasma K concentration
and intracellular K content (table I). The dif-
ference in results of Blauke from those of
Roberts, Franglen, and ourselves is not ap-
parent.

The classical studies of Pitts et al. (26, 27)
on the reabsorption of bicarbonate, in both the
dog and man, had earlier showed that glomeru-
lar filtration was not depressed by acute load-
ing of bicarbonate. No measurement of renal
blood flow or renal resistance was made. The
one experiment reported upon in detail in man
did show a progressive increase in the GFR.
While the determination of K balance was not
included in their studies, it may be assumed
that the alteration was typical of those reported
elsswhere under similar conditions.

The results of Roberts et al. (21), in a study
designed to investigate the relationship be-
tween K and bicarbonate in blood and urine,
showed that an infusion of 0.6 mEq. minute of
bicarbonate, for approximately 2 hours, did not
depress renal function as judged by GFR and
excretion patterns. Franglen et al. (14), in a
thorough study of the effect of alkalosis on
renal function and K excretion, also demon-
strated the lack of renal depression with bicar-
bonate loads of 18 gm. given intravenously
over a 2-hour period. The results of Van
Goidsenhoven also support the viewpoint that
administration of NaHCO, does not cause renal
depression. In their study, 33 patients with
gastric or duodenal ulcerations were given mas-
sive amounts of NaHCO, by constant gastric
tube drip, throughout 24 hours for periods up
to three weeks, without causing renal damage.
Laatly, in the present study, it was demonstrat-
ed in dogs that over 50 gm. of NaHCO, could
be administered intravenously in 4 hours, at a
rate of 2.5 mEq. minute, without any apparent
acute detrimental renal effects,  On a weight
basixs, in a 70 kg, man, this would be equivalent
to a load of 195 gm. of NallC'O, given at the
rate of nearly 10 m¥Eq. minute.
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